I[NTRODUCTION]{.smallcaps} {#sec1-1}
==========================

Ischemic stroke is a clinical syndrome caused by various mechanisms of cerebrovascular disease. The risk of intracranial atherosclerotic stenosis (ICAS) is higher in patients of Asian, African, and Hispanic ethnicity compared to Caucasians.\[[@ref1]\] It accounts for about 33%--50% of ischemic strokes and \>50% of transient ischemic attacks (TIAs) in these populations. We have previously reported asymptomatic middle cerebral artery stenosis in 7.2% of patients above 40 years of age having at least two risk factors.\[[@ref2]\] Intracranial stenosis was the most common stroke mechanism in the Hyderabad Stroke Registry reported by us.\[[@ref3]\] As the majority of the world\'s population is represented by Asians, ICAS is the most common vascular lesion in stroke patients worldwide.\[[@ref4]\]

Large vessel ICAS which includes intracranial internal carotid artery, middle cerebral artery, posterior cerebral artery (PCA), vertebral artery (VA), and basilar artery (BA) represents a more advanced stage of intracranial atherosclerotic disease, in which the vessel lumen has narrowed. In clinical practice as well as for research purpose, a diameter stenosis of 50%--99% is taken to qualify for symptomatic ICAS.\[[@ref5]\] However, the atherosclerotic disease process can lead to complete occlusion of the intracranilal vessel when it must be differentiated from the embolic occlusion from a proximal source. The estimated prevalence of symptomatic ICAS in more recent literature ranges from 20% to 53%, depending on the study population, race, and imaging method.\[[@ref6]\] High rates of recurrent ischemic stroke in symptomatic ICAS mandate early diagnosis and treatment.

Aims and objectives {#sec2-1}
-------------------

To assess the risk factors, vascular lesion distribution, outcome and recurrence of strokes due to ICAS.

M[ETHODOLOGY]{.smallcaps} {#sec1-2}
=========================

The study was planned to be a prospective study to enroll 100 consecutive patients of stroke due to intracranial stenosis, admitted in Nizam\'s Institute of Medical Sciences, a major University hospital in the south Indian state of Telangana, from January 1, 2015, to December 31, 2015. The diagnosis of ischemic stroke due to large artery intracranial atherosclerosis was made as per the TOAST (trial of ORG 10172 in acute stroke treatment) classification.\[[@ref7]\] Following data were recorded in all patients: demographic data; detailed history of present and preceding (if any) illness with a special emphasis on vascular risk factors; physical as well as neurological examination details; disease duration; laboratory characteristics; any complications; and treatment received. The data were captured in predesigned case record forms.

Magnetic resonance angiography (MRA) (GE Systems 1.5 T) was done in all patients. Stenosis (segmental flow gap or luminal stenosis \>50%) or occlusion (nonvisualized vessel segment with absent distal flow) was assessed in proximal middle cerebral arteries, proximal anterior cerebral arteries, intracranial internal carotid arteries, proximal posterior cerebral arteries, VAs, and the BA. The distribution of stenotic and occlusive lesions was noted. Patients were put on treatment with antiplatelet drugs in addition to other required medications.

Patients were contacted at a regular basis in person, by proxy or on telephone. The patient\'s adherence to treatment, the disability scores by modified Rankin Scale (mRS) and the recurrence of the stroke was assessed during a hospital stay, at 3 months and 1 year. Unfavorable outcomes were defined as mRS ≥3 or death due to any event at 3 months.

Diagnostic criteria for risk factors {#sec2-2}
------------------------------------

Hypertension (HTN): history of HTN in the past, systolic blood pressure (SBP) ≥140 mmHg, and or diastolic blood pressure ≥90 mm hg.\[[@ref8]\] Diabetes: history of diabetes; fasting blood glucose \>126 mg/dl or 2-h postprandial blood glucose \>200 mg/dl, HbA1C \>6.5.\[[@ref8]\] Hyperhomocysteinemia: Elevated levels of serum homocysteine more than 20 μmoles/L.\[[@ref8]\] Hyperlipidemia: history of dyslipidemia, cholesterol \> 200 mg/dL, low-density lipoprotein \>100 mg/dl (or) triglycerides \>150 mg/dL.\[[@ref9]\] Smoking: if the patient was a current smoker or had quit smoking in the past 6 months.\[[@ref10]\] Alcohol: the history of drinking is defined as the average daily alcohol consumption of patients with \>50 g for \>1 year.\[[@ref11]\]

Definition of symptomatic and asymptomatic occlusion/stenosis {#sec2-3}
-------------------------------------------------------------

Arterial lesions corresponding to the location/territory of the recent infarct on diffusion weighted imaging were considered symptomatic. Asymptomatic lesion was defined as stenosis or occlusion not related to the current neurologic signs and with no old infarction visible in neuroimaging in its respective vascular territory.

Inclusion criteria {#sec2-4}
------------------

Stroke was defined as focal/global symptoms lasting \>24 h and associated with imaging evidence of acute ischemia in the distribution of the stenotic vessel on computed tomography or magnetic resonance imagingIntracranial atherosclerotic disease comprised the involvement of the intracranial carotid, middle cerebral, posterior cerebral, intracranial VA or BAsPatients should have given informed consent for participation in the study.

Exclusion criteria {#sec2-5}
------------------

Other cause for stroke: atrial fibrillation, acute anterior wall ST-elevation myocardial infarction \< 30 days, mitral stenosis, mechanical valve, intracardiac thrombus or vegetation, dilated cardiomyopathy or ejection fraction \< 30%, proximal extracranial carotid or vertebral stenosis \>50%, intracranial tumors, arteriovenous malformations, moyamoya disease, arteritis, and other clear cause of strokeUnable to obtain informed consent by patient or authorized representativeIf patient was unlikely to return for follow-up/noncontactable for telephonic interview.

Statistical analysis {#sec2-6}
--------------------

All data were entered into the Microsoft Excel file, and the analysis was performed in SAS software (version 9.2 for Windows). Mean, standard deviation, and Student\'s *t*-test was performed for quantitative variables. Frequency, percentage, and Chi-square tests were performed for qualitative variables. Two-sided statistical significance was considered at 5% level of significance (LOS). Univariate Logistic Regression analysis was performed on dependent variable outcome event (based on mRS at 3 months), and multivariate regression analysis was performed to find out the significant predictors for the dependent variable. COX-Proportional Hazard Ratio Analysis was performed on "Recurrence" as dependent variable and "Recurrence Event at Months" as a Time variable to find out the significant predictors (independent variables) to the dependent variable. Variables were identified as significant at 5% LOS (i.e., variable are significant if respective *P* \< 0.05). Uncontrolled risk factors and treatment effect on recurrence was tested on null hypothesis using Chi-square test with *P* \< 0.05 as significant.

R[ESULTS]{.smallcaps} {#sec1-3}
=====================

A total of 100 consecutive patients of ischemic stroke due to ICAS were included in the study with mean age of 55.2 ± 11.8 years among whom 68 were males. Out of all vascular risk factors, HTN (*n* = 82, 82%) was found to be the most common risk factor, followed by diabetes mellitus (DM) in 52 (52%) patients \[[Table 1](#T1){ref-type="table"}\]. A total of 142 arteries fulfilled the criteria of symptomatic ICAS. MCA lesions were common in anterior circulation (53/142, 37.3%) followed by ICA (21/142, 14.8%) and ACA (6/142, 4.2%). In posterior circulation PCA (24/142, 16.9%) was frequently involved followed by VA (18/142, 12.7%) and BA (6/142, 4.2%). Mixed arterial lesions were noted in 14/142 patients \[[Table 2](#T2){ref-type="table"}\]. Cortical distribution of infarcts was found in 26/100 (26%) of patients followed by subcortical (24/100, 24%) and mixed cortical and subcortical infarcts in (24/100, 24%). Cerebellar and brainstem infarcts were observed in (12/100) 12% and (7/100) 7% of patients, respectively \[[Table 3](#T3){ref-type="table"}\].

###### 

Demography and risk factors in the study population (*n*=100)
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###### 

Distribution of atherosclerotic lesions (stenosis or occlusion) in various arteries
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###### 

Topographical distribution of infarcts
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Logistic regression analysis showed that age, gender, presence of individual risk factors, multiple lesions on MRA and severity of stroke (National Institutes of Health Stroke Scale \[NIHSS\]) had no predictive value for recurrence, but the presence of ≥3 risk factors was significantly associated with recurrence up to 1 year (*P* = 0.0351) \[[Table 4](#T4){ref-type="table"}\]. The presence of uncontrolled HTN, DM at 3-month follow-up were significantly associated with recurrence of stroke (*P* \< 0.05), whereas uncontrolled hyperlipidemia was not significantly associated with recurrence \[[Table 5](#T5){ref-type="table"}\]. The use of dual antiplatelet agents and statins was found to have a significant effect in the prevention of recurrent stroke (*P* \< 0.05). Patients on single antiplatelet agents were found to have a high chance of recurrent strokes compared to those on dual antiplatelets (*P* = 0.004) \[[Table 5](#T5){ref-type="table"}\].

###### 

Predictors of recurrence within 1 year

![](AIAN-20-387-g004)

###### 

Effect of uncontrolled risk factors and treatment on recurrence

![](AIAN-20-387-g005)

Functional outcome was analyzed at 3 months. Two patients died during a hospital stay due to pneumonia and sepsis. At 3 months the mean age of patients with favorable (*n* = 56) and unfavorable (*n* = 44) outcome was 55.25 ± 10.9 and 55.20 ± 13.1 years, respectively. On univariate analysis, the absence of hemiparesis and low NIHSS 9.07 ± 3.5 determined the favorable group versus 13.23 ± 4.3 in the unfavorable group, which was found statistical significance (*P* \< 0.05). Among the risk factors, persistent smoking (odds ratio 0.2666, *P* = 0.0047) was significantly associated with unfavorable outcome.

D[ISCUSSION]{.smallcaps} {#sec1-4}
========================

The focus on intracranial atherosclerotic disease has dramatically increased over the last two decades, and it is now agreed that ICAS is the leading cause of ischemic stroke and TIA worldwide.\[[@ref4]\] Previous studies from India including the one from our center\[[@ref3][@ref12][@ref13]\] have shown that ICAS was the most frequent ischemic stroke subtype.

Risk factors {#sec2-7}
------------

The risk factors for ICAS found in our study \[[Table 1](#T1){ref-type="table"}\] are in agreement with the prior studies done in other parts of the world.\[[@ref14][@ref15][@ref16]\] HTN was identified as the most common risk factor among 82% of the patients in our study, as also found in the previous studies.\[[@ref17]\] Majority of hypertensives were also found to be have diabetes in the study population indicating the complex interplay between vascular risk factors. Alcohol and smoking were found more commonly in males probably due to local socio economic and cultural influences.

Homocysteine in our study has emerged as the sixth common risk factor after HTN, diabetes, alcohol, smoking, and hyperlipidemia. Many other studies have also found it as a risk factor for cerebral atherosclerosis with a higher prevalence in males,\[[@ref18]\] although we did not find this gender association. In India, common associations of high homocysteine levels have been found with vegetarian diet due to deficiency of Vitamin B12.\[[@ref19]\] There is 54.5% prevalence of MTHFR polymorphism in Indian population.\[[@ref20]\] These may be the possible reasons for high prevalence of hyperhomocysteinemia in the Indian population, although we did not do any genetic study to study this polymorphism.

These vascular risk factors, either alone or in combination, contributed to ICAS-related stroke.

Distribution of atherosclerotic lesions {#sec2-8}
---------------------------------------

It is well known that atherosclerosis of the intracranial arteries is more common in nonCaucasians compared to Caucasians.\[[@ref21][@ref22]\] MCA was the most commonly involved vessel in our study \[[Figure 1](#F1){ref-type="fig"}\] followed by ICA \[[Table 2](#T2){ref-type="table"}\] which is consistent with previous studies in Asian populations.\[[@ref23][@ref24]\] Compared to extracranial ICA disease, intracranial ICA occlusive disease is less recognized site of atherosclerosis.\[[@ref25][@ref26]\] However, the thrombus in intracranial ICA may extend distally causing MCA and ACA territory infarcts \[[Figure 2](#F2){ref-type="fig"}\]. ACA was the least involved vessel (4.2%) in our study. Intrinsic atherostenotic lesions of the ACA are unusual and often remain silent in the presence of the anterior communicating artery.\[[@ref27]\] In our study, posterior circulation lesions commonly involved the PCA (16.9%). Other studies have not reported atherosclerotic PCA involvement as commonly as the VA and BA.\[[@ref28]\] Most of the PCA lesions reported have been accompanied by coexistent lesions of the VA and BA\[[@ref29]\] \[[Figure 3](#F3){ref-type="fig"}\]. However, we found more frequent involvement of isolated PCA.

![Left middle cerebral artery stenosis with diffusion weighted imaging showing subcortical infarct](AIAN-20-387-g006){#F1}

![Right middle cerebral artery/internal carotid artery occlusion with diffusion weighted imaging showing corresponding infarct](AIAN-20-387-g007){#F2}

![Basilar artery stenosis, right superior cerebellar, and right posterior cerebral artery not visualized with diffusion weighted imaging showing infarct in the midbrain and occipital cortex](AIAN-20-387-g008){#F3}

Clinical features {#sec2-9}
-----------------

Hemiparesis was the predominant symptom (58%) in our study due to the maximum distribution of the infarcts in cortical and subcortical areas \[[Table 4](#T4){ref-type="table"}\]. Ataxia, giddiness, hemianopia, headache, cranial nerves such as lower motor neuron facial palsy, diplopia, dysarthria, and alteration in consciousness were frequently observed in strokes with lesions involving posterior circulation than anterior circulation as reported in other posterior circulation registries.\[[@ref28][@ref30]\] Previous studies have shown that strokes with MCA stenosis can manifest as large artery infarcts with or without perforator artery infarcts, occurring singly or in addition to pial or border zone infarcts.\[[@ref31][@ref32]\] In short, there is nothing specific about the clinical presentation of strokes due to ICAS, which therefore needs to be excluded in all patients with ischemic strokes.

Recurrence {#sec2-10}
----------

In our study, 17 patients (17%) had recurrent ischemic events over 1 year as observed in other studies (SAMMPRIS: 12.2%, WASID: 23%, CICAS: up to 19%).\[[@ref33][@ref34][@ref35][@ref36]\] Most of the recurrent events were observed in the first 3 months (12 of 17 individuals) which is in line with data from previous observational and randomized studies.\[[@ref37]\] Symptomatic lesions are more prone for further events than asymptomatic lesions.\[[@ref38]\] In the present study, the recurrent events were observed in the same symptomatic territory as the initial stroke in 16 of 17 patients.

Combination of \>3 risk factors was found to be an independent predictor for recurrence than the presence of individual risk factors such as HTN, diabetes, or smoking in our study \[[Table 3](#T3){ref-type="table"}\]. However, uncontrolled HTN or uncontrolled diabetes at 3 months follow-up were predictors of recurrence even in isolation (*P* \< 0.05). The presence of elevated SBP at the time of hospital discharge after a stroke is a strong predictor of early recurrence.\[[@ref39]\] Uncontrolled DM has also been shown to be significantly associated with stroke recurrence in WASID study.\[[@ref34]\] Although the presence of hyperlipidemia reached modest significance for recurrence in our study, its control was not significantly associated with a reduction of recurrence. However, the patients who were on statins showed significantly lower recurrence (*P* \< 0.05), \[[Table 5](#T5){ref-type="table"}\]. Dual antiplatelet therapy has been strongly recommended as the first-line treatment in the secondary prevention of stroke due to intracranial stenotic lesions.\[[@ref40][@ref41]\] In our study also, recurrent stroke was significantly less in patients on double antiplatelets.

Outcome {#sec2-11}
-------

A host of prestroke comorbid conditions, specific neurodeficits, location and size of infarct\[[@ref42]\] have been shown to be associated with poor outcome following ischemic stroke, but the major predictors are the severity of stroke on neurologic examination (NIHSS) and age.\[[@ref43]\] As in a previous study,\[[@ref37]\] we used a composite definition for outcome assessment which included functional disability as measured by mRS ≥3, and death of any cause. We did not find age, gender, HTN, DM, and location of the stroke (Anterior and Posterior) as the predictors for poor outcome for 3 months after stroke. However, the presence of smoking was significantly associated with unfavorable functional outcome at 3 months. The return of arm and hand function after stroke is particularly important to a good functional recovery, hence, the presence of hemiparesis is associated with poor functional outcome, as observed in this study at 3 months analysis after stroke.

Limitations {#sec2-12}
-----------

This is a study with a modest sample size. MRA offers good equivalency with digital subtraction aortogram for detection of 50% stenosis,\[[@ref44]\] albeit the latter is gold standard for detecting ICAS. Three-dimensional MRA time-of-flight images might have suffered from blood-flow artifacts that mimic stenosis. The degree of stenosis beyond 50% was not studied which could have affected the recurrence and outcome analysis. Although we excluded patients with presumed cardioembolism, 24-h Holter monitoring, and other investigations were not done in all patients.

C[ONCLUSIONS]{.smallcaps} {#sec1-5}
=========================

Common modifiable risk factors of ICAS in this study were HTN, diabetes mellitus, alcoholism, smoking, hyperlipidemia, and hyperhomocysteinemia. The incidence of ICAS in anterior circulation stenosis was found to be higher than that in posterior circulation. MCA was the most commonly affected artery. Severity of the stroke at presentation as measured with NIHSS and presence of hemiparesis along with continued smoking were the predictors for unfavorable outcome at 3 months. Patients on single antiplatelet therapy, uncontrolled HTN, and DM were at high risk for recurrence. The recurrence risk was reduced by treatment with dual antiplatelets, statins, and strict control of HTN and diabetes. The aforesaid facts highlight the importance of early diagnosis and aggressive medical treatment with risk factor control.
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